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13-Formyl-l,9-protected-forskolill 3 is reacted with bromodifluorotriphenylphosphonium bromide 4 to give
15,15-difluoro-l ,9-protected-forskolill 5 which on deprotection affords the 15,15-difluoroforskolill 7.
Iodofluorination at 14,15-double bond of 1,9-dideoxyforskolin 8 followed by base promoted dehydroiodination gives
the required l-l-fluorodideoxyforskolin 10 and the corresponding 7-acetyl migrated product 11.
,
Several labdane molecules have been isolated
from Coleus forskohlii': Two molecules have
received wide attention. One of them is forskolin
which has demonstrated several important
biological properties. The most important properties
are: adenyl ate cyclase activator, positive inotropic
activity, antihypertensive property, and lowering of
interocular pressure" A large amount of chemical
and biological data' has accumulated on forskolin
and is still accumulating. The second molecule of
importance is 1,9-dideoxyforskolin4 This com-
pound has also received enough attention, as a
negative control in biochemical studies. Both these
compounds are sold by our group to several
companies, and they in turn sell them as
biochemical tools.
Forskolin could not be developed as a drug. The
main factors responsible for such a decision were:
(a) water insoluble nature of the molecule, and (b)
first pass effect of the molecule. One of the centers
for metabolic attack is the 14,15-double bond",
which gets epoxidised and then opens up to
deactivate the double bond.
With a hope to slow down the first pass effect,
one of the simple ways is to replace the hydrogen
atoms by fluorine atoms without altering the
stereochemical set-up. This could only disturb the
electronic nature of the double bond, which may
slow down the overall metabolism. Further such
compounds by themselves are novel and interesting
analogs of forskolin and 1,9-dideoxyforskolin.
These derivatives can have definite use in
biochemical studies, because of the presence of
fluorine atoms, both for biological interaction and
for easy detection. In this paper we have described
the perparation of such derivatives.
Forskolin 1 on treatment with 1 .! -carbonyl
diimidazole and dimethylaminopyridine in toluene
gave the corresponding forskolin-I, 9-carbonate 26.
Compound 2 on ozonolysis followed by treatment
with zinc dust and acetic acid gave the 13-formyl
derivative 37 (see Scheme I). The formylforskolin-
1,9-carbonate 3 reacted with bromodifluorotriphe-
nylphosphonium bromide 48 and zinc dust in
dimethyl acetamide to give 15,15-difluoroforskolin-
1,9-carbonate 5 in 14% yield. We have made
several attempts to improve the yield of the
reaction, however they failed. Simultaneous
hydrolysis of the carbonate and the 7p-acetoxy
group was carried out using 2N NaOH in MeOH to
give the compound 6.Treatment of compound 5
with pyridine selectively removed the carbonate
group to give the targeted compound 15,15-
difluoroforskolin 7.
1,9-Dideoxyforskolin 8 was treated with hydro-
gen fluoride, N-iodosuccinimide, potassium hydro-
gen difluoride and tetrabutylammonium fluoride
(catalytic amount)" in CH2Cl2 at O°C for 112 hr and
then for additional 3 hr at room temperature. The
product after work-up gave the iodofluorinated
compound 9 in 27% yield (Scheme II). Compound 9
after preliminary purification followed by treatment
with DBU, gave a mixture of 14-fluoro-l,9-
dideoxyforskolin 10 111 47% yield and the
corresponding acetyl migrated compound 11 in
25% yield. All the compounds were characterized
by their spectral data.
Experimental Section
General. Melting points were determind using a
Kofler hot stage melting point apparatus and are
uncorrected. IH NMR spectra were recorded on
Varian T-60 and JEOL FX-90Q spectrophotome-
ters. IR spectra were recorded on a Perkin-Elmer
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157 spectrophotometer. Mass spectra were obtained
on a Kratos MS 80RFA instrument. TLC was
performd on aluminium plates coated with a 0.2
mm layer of silica gel F254(Merck).
7J3-Acetoxy-l,9-carbonate-15,15-difluoro-6J3-
hydroxy-8,13-epoxy-labd-14-en-ll-one 5. A mix-
ture of 3 (1.75g; 4 mmoles), 4 (4.9 g; 10.4
mmoles), zinc dust (0.52 g; 8 mmoles) and dry
dimethylacetamide (20 mL) was stirred at room
temperature for 15 min. The reaction is exothermic.
The reaction mixture was heated at 90°C for 2.5 hr
and at 105-110°C for another 2.5 hr, cooled, diluted
with water and extracted with diethyl ether. The
ethereal extract was washed with water, dried and
the solvent removed. The residue was flash
chromatographed on silica gel (CHCh-CH3CN;
95:5) to give 5 (0.156 g, 13.9%) and the unreacted
3 (0.711 g); m.p. 130-32°; IR(KBr): 3550, 2970,
1770,1760,1740,1400,1255,1110,980 cm', IH
NMR (COCh): 8 1.05 (s, 3H, CH3), 1.27 (s, 3H,
CH3), 1.54 (s, 3H, CH3), 2.63 (d, IH, Jgem =16.7
Hz, 12-aH), 4.47 (t, IH, J=3.9 Hz, 6-aH), 3.50 (d,
IH, Jgem=16.7 Hz, 12-I3H),4.75 (dd, IH, JH,F trans
=27 Hz and JH,F cis =5.1 Hz, CH=CF2), 4.97 (m,
IH, I-PH), 5.22 (d, IH, J= 3.9 Hz, 7-aH) (Found:
C, 58.42; H, 6.30. C23H30F208requires C, 58.47;
H, 6.4%).
15, 15-Difluoro-la, 613, 713,9a-tetrahydroxy-
8,13-epoxy-labd-14-en-ll-one 6. To a solution of
5 (0.25 g; 0.53 mmoles) in methanol (15 mL) was
added 2 NNaOH (3.2 mL) and the reaction mixture
stirred at room temperature for 45 min. The solvent
was removed and the residue dissolved in chloro-
form. The solution was washed with water, dried
and the solvent evaporated. The residue was flash
chromatographed on silica gel using chloroform-
acetonitrile-pet. ether (5:1:4) as eluent to give 6
(0.182 g, 85%), m.p. 172-75°; IR(KBr): 3500,
2980, 2960, 1750, 1720, 1100, 1070,990,960
cm'; IH NMR (COCh): 0 1.07, 1.27, 1.37, 1.60
(s, 4xCH3), 1.50 (d, 3H, J=2.5 Hz, CH3), 2.07 (d,
IH, J=2 Hz, 5-aH), 2.64 (d, IH, J=18 Hz, 12-
ptH), 3.10 (d, IH, J=18 Hz, 12-a H), 3.10 (d,IH,
J=18 Hz, 12-aH), 4.08 (d, 1H,J=4 Hz, 7aH),4.43
(t, IH, J=4.2 Hz, 6-aH), 4.71 (m, IH, I-PH), 4.84
(dd, 1H,J= 28.3 and 5.1 Hz, CH=CF2).
3
7J3-Acetoxy-15,15-difluoro-l a,613,9a-trihydr -
oxy-8,13-epoxy-Iabd-14-en-ll-one 7. To 5 (100
mg; 0.211 mmole) were added pyridine (2.2 mL)
and water (2.2 mL) and the reaction mixture was
kept at room temperature for 88 hr. The solvent
was removed under vacuum and the residue
dissolved in chloroform and washed with water,
dried (Na2S04) and the solvent evaporated. The
crude compound was flash chromatographed on
silica gel using ethyl acetate- pet. ether (20:80) as
eluent to give 7 (60 mg; 63.5%), m.p. 211-13°; IR
(KBr): 3430-3500, 3330, 3040, 3000, 2980, 2940,
1760, 1750, 1720, 1395, 1290, 1140, 1080; IH
NMR(COCh): 0 1.04, 1.26, 1.40 (s, 3H each,
3xCH3), 1.45 (d, 3H, J=6 Hz, CH3), 1.57 (s, IH,
OH, exchangeable on 020 ), 1.66 (s, 3H, CH3),
2.16 (s, 3H, -COCH~), 2.18 (d, IH, J=2.0 and 3.9
Hz, 5-aH), 2.60 (d, 1H, J=18 Hz, 12-I3H),3.15 (d,
1H,J=18 Hz, 12-aH), 4.43 (m, ton 020 exchange,
IH, J= 2 Hz, 6-aH), 4.71 (m, IH, I-PH), 4.81 (dd,
lH, J=28 and 5.1 Hz, CH=CF2), 5.39 (d, 1B, J=3.9
Hz, 7-aH), 6.88 (m, IH, OH, exchangeable on
020) (Found: C, 59.22; H, 7.32; F, 8.88.
C22H32F207requires C, 59.18; H, 7.22; F, 8.51%).
14- Fluoro- 15- iodo -7- acetoxy -613-hydroxy-
8,13-epoxy-labd-ll-one 9. 1,9-0ideoxyforskolin
(3.78; 10 mmoles) was dissolved in 30 mL of
CH2Ch and 48% aq. HF (4 mL; 10 mmoles) was
added to it. This was followed by the addition ofN-
iodosuccinimide (2.5 g, 11 mmoles) and potassium
hydrogen difluoride (780 mg; 10 mmoles). A
catalytic amount of tetrabutylammonium fluoride
was added to it. The reaction mixture was stirred at
O°C for 30 min. and then at room temperature for
another 3 hr. It was cooled and diluted with CH2Ch,
washed with water and brine. The organic phase
was dried with Na2S04. The solvent was removed
and the residue purified on silica gel column using
0.5% CH3CN in CI:ICh. Yield 1.4 g (27%), m.p.
62-66°; MS(CI): rrVz 525 (M+l); IH NMR
spectrum shows disappearance of double bond
protons (Found: C, 50.81; H, 6.74. C22H~I05
requires C, 50.39; H, 6.54%).
14-Fluoro -713- acetoxy -613- hydroxy- 8,13-
epoxy- labd- 14-en- H-one 10 and 14-fluoro-6J3-
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acetoxy-Zp- hydroxy- 8, 13- epoxy-labd-14-en-
ll-one 11. Compound 9 (68 g; 12 rrimoles) was
dissolved in dry CH2C1" and DBU (4.0 ml.; 24
nU110Ies)added to it at 0-1 O°e. The raction mixture
was stirred for 3 hr, diluted with CH"Ch and then
washed with water. The organic phase was dried
over Na2S04 and concentrated to give the crude
mixture, which was purified over silica gel column
using 15% EtOAc in pet. ether to give compound
10,2.2 g (47%), m.p. 195-200°; IH NMR (CDCh):
8 1.18 (s, 3H, OCOCH3), 4.4 (t, IH, )=2 Hz, H-6),
4.2-5.24 (m, 2H, H-15), 4.86 (d, IH, )=2 Hz, H-7);
MS (CI): mlz 397 (M+ 1) (Found: C, 66.78; H,
8.0 I; F, 4.44. CnH33FO" requires e. 66.64; H,
8.39: F, 4.79%).
Further elution with the same solvent system
furnished the acetyl migrated compound 11, 1.3 g
(25%),m.p. 174°; IH NMR (CDC),): 8 2.30 (s, 3H,
OCOCH3), 3.8 (d, IH, J=2 Hz, H-7), 4.2-5.2 (m,
2H, H-15), 5.8 (t, IH, J=2 Hz, H-6); MS (CI): mlz
397 (M+ 1) (Found: C, 6609; H, ~.32; F, 4.35.
C:2H3,FOs requires C, 66.64; H, 8.39; F, 4.79%).
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